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Objectives: Because of lack of data on the prevalence of sulfadoxine antibody, this study was conducted to determine the prevalence of sulfadoxine antibodies and its possible risk factors. Methods: Blood specimens were collected from 500 patients undergoing treatment for malaria at Central Hospital, Benin City, Nigeria. A structured questionnaire was used to collect information and sociodemographic data. Sulfadoxine antibodies were detected by drug absorption (DAT) and immune complex (IMC) methods. ABO, rhesus blood group, and hemoglobin (Hb) phenotype were determined by using standard technique. Results: DAT method had a significantly higher rate of detecting sulfadoxine antibodies compared to IMC method (p = 0.019). Age, gender, and level of education did not affect the prevalence of sulfadoxine antibodies (p > 0.050). Patients that were an artisan (p < 0.001), married (p = 0.025), living in a two-room apartment (p = 0.003), had history of drug reaction, consumed antimalarial drug (maloxine), and consumed sulfadoxine-containing drug within the last month (p < 0.001 each), and significantly affected the prevalence of sulfadoxine antibodies. Individuals with Hb phenotype AA had significantly higher prevalence of sulfadoxine antibodies (p < 0.001), and presence of rhesus D antigen was associated with sulfadoxine antibodies. Conclusions: An overall prevalence of 22.0% among the tested individuals had sulfadoxine antibodies. Prudent use of sulfadoxine containing drugs is advocated.
sulphonamide-containing drugs and confirmed not to have malaria were excluded from the study. A structured questionnaire was used to collect social demographic data. Informed consent was obtained from each patient or their parents/guardian in the case of children prior to specimen collection. This study was approved by the Ethical Committee of Central Hospital, Benin City.
Blood was collected from each patient (10 ml) and dispensed into plain and EDTA containers in 5 ml each. The samples in the plain containers were allowed to clot and the sera obtained were used to detect sulfadoxine antibodies. The samples in the EDTA container were used to determine ABO, rhesus blood group, and hemoglobin (Hb) phenotype as described by Enosolease et al. 10 To determine the ABO and rhesus blood group, a drop of each participant's blood was placed on three separate clean white tile. Each drop of blood was mixed with a drop of commercially prepared antiserum A, B, and D, and observed for agglutination.
Hb phenotype was determined by the electrophoresis method. 11 The blood samples were lysed with water and spotted on pre-labeled cellulose acetate paper. Blood specimen with known Hb phenotype (standard Hb AA, AS, SS, SC, and AC) were spotted along with the test sample. The strip was placed in the genotype tank in which one end of each compartment was filled with tris-borate-EDTA buffer (pH 8.5). The tank was covered and electrophoresis carried out for 10 minutes at a potential difference of 220 volts. After electrophoresis, the strip was removed and read macroscopically by comparing the mobility of the test with the standard Hb phenotype.
Sulfadoxine antibodies were detected using two methods DAT and IMC methods. 12 Sulfadoxine 0.5 g was dissolved into 10 ml of sterile normal saline and used for the detection of sulfadoxine antibodies using the two methods.
DAT method worked at equal volume of 10% group O washed red blood cell and sulfadoxine solutions were placed in test tube and incubated at 37 0 C for 30 minutes. This was washed four times with normal saline to remove excess drug. Equal volume of patients' serum and sulfadoxine-red cell suspension was placed inside a test tube and incubated for 30 minutes at 37 0 C. After incubation, the content of the test tube was centrifuged for one minute and observed for the presence of agglutination or hemolysis. When negative, the mixture was washed four times with normal saline and anti-human globulin (AHG) was added. This was centrifuged for one minute and observed for agglutination or hemolysis. The procedural control was carried out as above but consisted of patients' serum and group O red cell without sulfadoxine, and drug-red cell suspension without the patients' serum. Both were negative (no agglutination or hemolysis were observed).
IMC method worked as adding equal volume of sulfadoxine solution, patients' serum, and 5% washed group O red blood cell were placed inside a test tube and incubated at 37 0 C for one hour. After the incubation period, it was centrifuged for one minute and observed for agglutination or hemolysis. When negative, the mixture was washed four times with normal saline and AHG was added. This was followed by centrifugation for one minute and observed for agglutination or hemolysis. Control was carried out as above but consisted of patients' serum, red blood cell, and normal saline without sulfadoxine solution; and red blood cell, sulfadoxine solution, and normal saline without the patients' serum. Both solutions were negative (no agglutination or hemolysis).
The data obtained were analyzed with chi-square (χ 2 ) test using the statistical software GraphPad InStat version 2.05 for Windows 7, GraphPad Software, La Jolla California USA, www.graphpad.com.
R E SU LTS
A total of 110 (22.0%) out of the 500 patients had sulfadoxine antibodies. There was a significant difference (p = 0.019) in the rate of detection of sulfadoxine antibodies by DAT and IMC methods with DAT method detecting more sulfadoxine antibodies [ Table 1 ]. Age, gender, and level of education did not significantly affect the prevalence of sulfadoxine antibodies (p > 0.050), while the prevalence of sulfadoxine antibodies were significantly higher among individuals who are artisans (p < 0.001), married (p = 0.025), and living in a two-room apartment (p = 0.003) [ Table 2 ].
Patients with history of drug reaction (p < 0.001), consumed antimalarial drug, Maloxine (p < 0.001) and sulfadoxine within one month prior to specimen collection (p < 0.001) were more likely to have sulfadoxine antibodies in their sera [ Table 3 ].
The prevalence of sulfadoxine antibodies was not significantly affected by ABO blood group (p = 0.499) while rhesus D positive status was significantly associated with sulfadoxine antibodies (odds ratio (OR) = 3.738, 95% confidence interval (CI) 1.672, 6.796; p = 0.002). The prevalence of sulfadoxine antibodies was significantly affected (p < 0.001) by Hb phenotype, with Hb phenotype AA individuals having the highest prevalence of sulfadoxine antibodies [ Table 4 ].
D I S C U S S I O N
Sulfadoxine/pyrimethamine is the prefered first drugs of choice for the treatment of malaria in Nigeria. 13 Sulphonamides are usually reported as causing hemolytic anemia via IMC mechanism. There is no report on the prevalence of sulfadoxine antibodies in our environment, hence, this study was conducted. Twenty-two percent of patients in our study were at an increased risk of developing anemia, which had been reported to cause over half of malariarelated deaths. 6 The use of antimicrobial agent in Nigeria is unregulated, and over-the-counters sales of antimicrobial agents are common. 14−16 Sulphonamide-containing antimalarial drugs are mainly preferred in Benin City because it is taken as a single dose (2−3 tablets/dose) compared to other drugs that are taken more than once a day for ≥ 2−3 days. No published literature on the prevalence of sulfadoxine antibodies was found in other studies to compare the findings. This may be the first report of sulfadoxine antibodies among patients undergoing treatment for malaria with sulphonamide-containing drug in Benin City.
There was a significant difference (p = 0.019) in the rate of detecting sulfadoxine antibodies by DAT, IMC methods, or their combination, with DAT method having a higher rate of detection. This method does not agree with the review of Dhaliwal et al, 8 where sulphonamide was classified as causing drug-induced hemolysis by the IMC mechanism. It was observed that there were instances where DAT method detected sulfadoxine antibodies and IMC method did not, and vice versa. Therefore, both methods are recommended for the detection of sulfadoxine antibodies.
Malaria is endemic in Nigeria, and irrespective of gender, age, and educational level, every infected patient seeks urgent relief. In Nigeria, over-thecounter drugs sales without prescription are common. 14−16 This may explain why age, gender, and level of education did not significantly affected the prevalence of anti-sulfadoxine antibodies.
The prevalence of sulfadoxine antibodies was significantly higher (p < 0.001) among artisan (87.0%) compared to other occupations in the study. A study on artisan and traders, knowledge, attitude, and practice of malaria in selected area of Lagos State Nigeria, revealed that 50% of the artisans, practice self-medication. 17 Since over-the-counter drugs sales are rife, artisans are more likely to engage in selfmedication and sulphonamide containing drugs are possibly their first drug of choice to treat malaria.
The prevalence of sulfadoxine antibodies was significantly higher (p = 0.025) in married participants (25.3%) compared to the others. The provision of funds for healthcare by both parents (married) has been reported to reduce the risk of malaria. 18 It was also reported that people with higher earnings were more likely to use appropriate antimalarial drugs (sulphonamide-containing drugs), compared to those with lower earnings in Nigeria. 19 It is plausible that married couples may have higher combined earning and as such may use sulfadoxine containing drugs for the treatment of malaria because of it single dosage.
Poor housing quality, overcrowding, and household economical index have been associated with the risk of malaria. 20 People with lower economic index may result to self-medication with drugs and prefer single dose regiment, which may favor the use of antimalarial containing sulphonamide.
Participants who live in a two-room apartment (34.8%) and one-room apartment (21.2%) have significantly higher (p > 0.003) prevalence of sulfadoxine antibodies. People living in a house with poor wall, floor, roof, and window conditions were reported to be associated with higher prevalence of malaria. 21 People living in one-and two-room apartments may have increased cases of malaria.
Participants with a previous history of drug reaction to sulphonamide are significantly more likely to have sulfadoxine antibodies (OR = 52.757; 95% CI 28.730, 96.879; p < 0.001). Sulfadoxine has been reported to have side effects such as hypersensitivity and cytopenia. 22, 23 Hypersensitivity reaction can be classified into four types by the Gell and Coombs classification system. 24 The immunologically medicated reaction caused by sulphonamide antibodies encompasses the entire Gell-Coombs spectrum. 25 The method used in this study detects only immunoglobulin (Ig) G and IgM antibodies. 8 Fansidar, maloxine, and metakefin contain sulfadoxine/pyrimethamine, while septrin contain sulfamethoxazole and trimetoprim. In this study, people who consumed fansidar, maloxine, metakafin, and septrin all produced sulfadoxine antibodies, although at various prevalence. This cross-reactivity is possible among sulphonamide antibiotics, because they share similar functional group. No cross reactivity were found between sulphonamide antibiotics and non-antibiotic sulphonamides. 26, 27 In this study, the prevalence of sulfadoxine antibodies was significantly higher (p < 0.001) in patients that consumed maloxine, and was least prevalent in patients that consumed metakefin. The reason for this finding was unclear. Manufacturing processes may increase the sulphonamide functional groups more in maloxine than other sulphonamide used in this study. This will require further investigation to verify.
There was a significant (p < 0.001) inverse relationship between prevalence of sulfadoxine antibodies and duration of sulphonamide use. The prevalence of sulfadoxine antibodies decreases with increasing the duration of the last sulfadoxine usage with those who used the sulphonamide-containing drugs within one month of specimen collection having the highest prevalence (28.5%). The method used in this study detected IgG and IgM antibodies that take part in type II hypersensitivity reaction. 24 This ultimately resulted in cytopenia that are dosedependent. 28 It therefore follows that those who took sulphonamide-containing drugs within one month prior to specimen collection will have a higher dose of the drug in their system, consequently, higher titres of sulfadoxine antibodies in their system. As the time between drug consumption and specimen collection increases, the titres of the sulfadoxine antibodies will reduce.
The prevalence of sulfadoxine antibodies did not differ significantly (p = 0.487) among the various ABO blood group. The drug metabolite binds to circulating red blood cell irrespective of their ABO blood group to activate antibody production (DAT mechanism). Also, the drug-antibody complex attached to normal bystander red blood cell and activate complement, which ultimately lead to destruction of red blood cell (IMC mechanism). It may appear from this study that ABO blood group antigen may not be required for drug-antibodies complex to attach to red blood cell. The presence of rhesus D antigen was significantly associated with sulfadoxine antibodies production (OR = 3.738; 95% CI 1.672, 6.796; p = 0.002) and may indicate that rhesus D antigen may be required for drug attachment to red cell or for drug-antibody complex to red blood cell.
Patients with Hb phenotype AA have significantly (p < 0.001) higher prevalence of sulfadoxine antibodies compared to Hb phenotype AS and SS. Antibody production is dependent on the immune status of an individual. Patients with SS anemia have been reported to have impaired cell-mediated immunity. 29 This may indicate that patients with Hb S genotype may not be able to respond immunological by producing antibody against sulfadoxine or its metabolite. In sickle cell anemia patients, there are abnormalities in leucocytes function, complement, Ig, and cell mediated immunity. 30 
C O N C LU S I O N
An overall prevalence of 22.0% sulfadoxine antibodies among patients with malaria was observed in this study. Identified risk factors for presence of sulfadoxine antibodies included being an artisans, married, living in an apartment, having a history of drug reaction, consuming sulphonamide-containing drugs within one month, being rhesus D positive, and having Hb phenotype AA. Prudent use of sulphonamide-containing antimalarial is advocated.
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